Background-Inotropes are widely used in hospitalized systolic heart failure (HF) patients, especially those with low systolic blood pressure (SBP) or cardiac index. Also inotropes are considered harmful in nonischemic HF.
Patients hospitalized for heart failure (HF) experience substantial short-term morbidity and mortality. [1] [2] [3] Although intravenous inotropes are frequently used in the management of patients hospitalized with HF due to systolic dysfunction, data from controlled trials have failed to demonstrate benefit with these agents. [4] [5] [6] On the contrary, inotropes have been associated with increased risk for adverse outcomes. [4] [5] [6] [7] Despite these data, however, a substantial proportion of patients hospitalized for HF continue to receive inotropes. 8 This discrepant trend is partially rooted in the limited options for management of advanced systolic HF. 9 However, it is also rooted in the belief that inotropes may be beneficial when systolic blood pressure (SBP) is relatively low even without clinical hypoperfusion, 10 or that benefits may outweigh risks in those patients who are in a low cardiac output state, since previous trials were conducted among hospitalized patients without the specific knowledge of central hemodynamics. 5 There are no data however to support these notions. Also, a posthoc analysis from the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) suggested that the adverse impact of milrinone on outcomes occurred primarily in HF of ischemic etiology, 7 lessening the concerns about inotrope use in patients with nonischemic HF.
The Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) trial evaluated the benefit of pulmonary artery catheterization (PAC) guided HF management. 11 In this trial, inotrope use was left to clinical judgment; however, the study enrollment criteria excluded patients with cardiogenic shock or those deemed to need immediate inotropic therapy on admission. Previous findings from the ESCAPE showed that inhospital inotrope use is associated with worse outcomes. 6 In the current study, we utilized the ESCAPE database to evaluate the effect of in-hospital inotrope use on outcomes in HF patients across the spectrum of admission SBP and, among those who received PAC, baseline cardiac index. We additionally evaluated for modification effect of ischemic vs. nonischemic etiology.
METHODS

Study Population
Details of the ESCAPE trial have been published previously. 11, 12 Briefly, this randomized trial conducted at 26 centers in the United States and Canada was designed to test the longterm safety and efficacy of treatment guided by hemodynamic monitoring with clinical assessment versus clinical assessment alone in patients hospitalized with reduced left ventricular ejection fraction (LVEF). Among the 433 participants, 427 (98.6%) had a supine SBP value recorded on admission and constituted the study population for this analysis. The ESCAPE eligibility criteria included LVEF ≤30%, ≥3 months of therapy with angiotensinconverting enzyme inhibitors and diuretics, supine SBP ≤125 mmHg at randomization; and at least 1 sign and 1 symptom of congestion. The patients either had to be hospitalized or have an emergency department visit for HF within the past year, or receive furosemide >160 mg/day (or equivalent) within 1 month of admission. Initiation of dobutamine, dopamine >3 μg/kg/min, or milrinone prior to randomization, or baseline serum creatinine >3.5 mg/dL were exclusion criteria. Etiology of HF was classified into ischemic vs. nonischemic based on clinical history.
Cardiac Index
Among the 215 patients assigned to PAC-guided therapy, 196 eventually received PAC; in addition, 21 patients in the clinical arm eventually received PAC (i.e. crossed over), for a total of 217 PAC-guided treatment patients. Baseline cardiac index data were available in 196 patients and were included in the cardiac index subset analysis. Hemodynamic measurements, including cardiac index, were assessed twice at baseline and at least twice a day thereafter. For analysis purposes, the first available reading from admission day was taken.
Outcomes
The primary outcome of interest in our study was the time to a major clinical event (death, left ventricular assist device [LVAD] placement, or cardiac transplantation) by day 180 from randomization. The secondary outcome was the number of study days alive and out of hospital by day 180.
Statistical Analysis
Descriptive analyses are presented as mean (standard deviation) for continuous and number (percentage) for categorical variables. Differences between groups were assessed using the nonparametric rank sum test (Mann-Whitney) for continuous variable, Fisher's exact test for categorical variables, and log-rank Χ 2 for time-to event outcomes. The association of inotrope use with primary endpoint was examined with Cox proportional hazard models. Following the analysis scheme of the main ESCAPE study, we initially calculated this endpoint with patients receiving transplant or assist devices coded as dead; then we coded these events as alive in a sensitivity analysis. The association between admission SBP, inotropes use, and outcomes was assessed by categorizing SBP into <100 vs. ≥100 mmHg based on previous literature 9, 10 and also by modeling SBP as a continuous variable. We followed a similar approach for cardiac index, using 1.8 L/min/m 2 for categorical analysis. In multivariable models, we controlled for age, gender, ischemic vs. nonischemic etiology (except in etiology-specific analyses), body mass index, LVEF, SBP (except in SBP-specific analyses), blood urea nitrogen, sodium, hemoglobin at presentation, and PAC-guided treatment (except in the cardiac index analysis because of collinearity). We did not include serum creatinine in the models because of collinearity with and weaker association than blood urea nitrogen with outcomes. Proportionality of hazards was examined using the Schoenfeld residuals and confirmed by fitting interaction terms with time. For the secondary endpoint (days spent out of hospital; skewed U-shaped distribution), we log-transformed the study days spent in-hospital or dead (lognormal distribution) and treated as a continuous outcome in regression models. Because low-dose dopamine is widely considered to possess renoprotective rather than inotropic properties, we performed a sensitivity analysis in which only >3mcg/kg/min dopamine was considered as an inotrope (using the threshold for inotropic dose set in the ESCAPE design). 12 To provide additional insights, we have examined the association between inotropes and outcomes in relation to SBP and CI values obtained on Day 3 (for SBP) and Day 2 (for CI) after randomization. In these analyses we have additionally adjusted for baseline values of SBP and CI, respectively. In secondary analyses, we have assessed the directional association between average in-hospital dose of each inotrope and change (final measurement before removal of PAC minus baseline) in (1) cardiac index; (2) pulmonary capillary wedge pressure; and (3) right atrial pressure. In addition, we compared these changes across groups according to the number of inotropic agents used. A two-sided p<0.05 was accepted as statistically significant. Analyses were performed with STATA 12.1 (StataCorp LP, College Station, TX).
RESULTS
Baseline Characteristics
Mean age of patients was 56±14 years; 74.2% were men; 59.5% were white and 27.6% were black; etiology was ischemic in 49.6%; and mean LVEF was 19.4±6.6%. Mean supine SBP on admission was 106±16 mmHg; SBP was <100 mmHg in 165 patients (38.6%). Overall, 194 patients (45.4%) received in-hospital inotropes including dobutamine in 127 (29.7%), milrinone in 72 (16.9%), and dopamine in 50 (11.7%). The median in-hospital dose was 4.0 μg/kg/min for dobutamine (range: 1.0-15.0), 0.375 μg/kg/min for milrinone (range: 0.100-0.750), and 3.0 μg/kg/min for dopamine (range: 1.5-25.0). One patient received amrinone (0.3 μg/kg/min). Thirty-six patients (8.4%) received 2 inotropic agents (dobutamine and dopamine at median doses 5.0 and 3.1 μg/kg/min respectively, 17 patients; dobutamine and milrinone at median doses 5.0 and 0.375 μg/kg/min respectively, 13 patients; and milrinone and dopamine at median doses 0.300 and 5.0 μg/kg/min respectively, 6 patients) and 10 patients (2.3%) received 3 inotropic agents (dobutamine, milrinone, and dopamine at median doses 5.0, 0.375, and 3.0 μg/kg/min respectively). Table 1 presents the baseline characteristics by admission SBP category. Patients with admission SBP <100 mmHg were more likely to be white, have atrial fibrillation, and be actively evaluated for heart transplantation; had lower body mass index, sodium, and LVEF; and were less likely to have a history of hypertension.
Outcomes
There were 117 major events (27.1%) at 180 days (81 deaths, 9 LVAD implantations, and 27 cardiac transplantations). Inotrope use was associated with higher risk for major events (38.1% vs. 18.5%; log-rank Χ 2 =23.8; P<0.001). The corresponding unadjusted and adjusted hazard ratio (HR) in the entire cohort was 2.47 (95% confidence interval [CI] 1.70, 3.60; P<0.001) and 2.32 (95% CI 1.54, 3.50; P<0.001), respectively. The risk was similar when patients receiving LVAD implantation or cardiac transplantation were censored as alive (unadjusted HR 2.27; 95% CI 1.46, 3.54; P<0.001; adjusted HR 2.09; 95% CI 1.28, 3.42; P=0.003).
Patients spent a median of 159 (IQR 88, 172) study days alive and out of hospital; these days were fewer among patients who received in-hospital inotropes compared with those who did not (144 [35, 167]) vs. 165 [139, 174]; P<0.001). In adjusted models, patients who received inotropes spent 79% more study days in the hospital or dead (95% CI, 41%, 128%).
Systolic Blood Pressure, Inotrope Use, and Outcomes
Inotropes were frequently used in both SBP subgroups (SBP <100 mmHg: 53.3% vs. SBP ≥100 mmHg: 40.5%; P=0.010). Patients who received in-hospital inotropes experienced more clinical events by 180 days compared with those who did not, both in the <100-mmHg (47/88 [53.4%] vs. 18/77 [23.4%]; P<0.001) and the ≥100-mmHg (27/106 [25.5%] vs. 25/156 [16.0%]; P=0.043) subgroups. In adjusted models, inotrope use was associated with increased risk for major clinical events in both SBP subgroups, Table 2 . The risk did not substantially change when only death was considered (albeit risk became non-significant in the ≥100-mmHg subgroup) or when 14 patients who received ≤3mcg/kg/min dopamine were classified as not having received inotropic therapy ( Table 2) . When SBP was examined as a continuous variable, the interaction between SBP and inotrope use was not statistically significant in adjusted models (P=0.23, P=0.32, and P=0.44 for major events, mortality, and with low-dose dopamine not considered as inotrope use, respectively).
Patients who received inotropes spent fewer days (out of 180) alive and out of hospital compared with those who did not, regardless of SBP (SBP <100 mmHg: median [interquartile range] 84 [14, 157] In analyses based on SBP values obtained on Day 3, inotrope use was still associated with increased risk and more in-hospital days in both SBP subgroups. In models adjusting for baseline SBP in addition to other covariates, the direction and magnitude of association was similar to that observed when baseline SBP values were used to classify patients (Supplemental Table 1 ).
Cardiac Index
Pulmonary artery catheter was placed in 215 (50.4%) patients. Cardiac index was available in 196 patients (median 1.9 L/min/m 2 ; interquartile range 1.6, 2.3). Among these patients, 97/196 (49.5%) received inotropes. Table 3 presents the baseline hemodynamic parameters according to inotrope use. Patients who received in-hospital inotropes had higher right atrial pressure and lower arterial pressure at baseline. Risk with inotropes in the cohort with available cardiac index data was similar to that of the entire cohort in unadjusted (HR 2.82; 95% CI 1.64, 4.85; P<0.001) and adjusted (HR 2.82; 95% CI 1.53, 5.47; P=0.001) models.
In-hospital inotrope use was associated with elevated risk for major clinical events in the ≥1.8-L/min/m 2 cardiac index group, Table 4 . This risk was not statistically significant in the <1.8-L/min/m 2 group; however, the interaction term did not reach statistical significance (P=0.072 in adjusted models). These results did not materially change when ≤3mcg/kg/min dopamine was not considered as inotrope use; however, the risk differential with inotropes reached statistical significance (P=0.049) in adjusted models. When only mortality was considered, the risk differential between cardiac-index subgroups was diminished, partially because of the small number of events (Table 4 ). When cardiac index was entered as a continuous variable, there was a trend towards higher risk for major clinical events with use of inotropes with increasing cardiac index, Figure 1 . However, the interaction between cardiac index and inotrope use did not reach statistical significance in adjusted models (P=0.092, P=0.47, and P=0.069 for major events, mortality, and with low-dose dopamine not considered as inotrope use, respectively).
Patients who received inotropes spent twice the days dead or in hospital (from 180 study days) compared with those who did not, regardless of baseline cardiac index (Table 4 ).
In analyses based on CI values obtained on Day 2, inotrope use was still associated with increased mortality risk in both the <1.8 and the ≥1.8 L/min/m 2 subgroups. In models adjusting for baseline CI in addition to other covariates, the direction of association was consistent with baseline CI analyses, with the exception of a neutral effect of inotropes on hospital-free days among low cardiac index patients (Supplemental Table 2 ). However, the number of patients with low cardiac index on Day 2 was relatively small (N=43) and therefore these results should be interpreted with caution.
The directional associations of (1) the average in-hospital dose of each inotrope and (2) the number of inotropic agents used with the change (defined as final measurement before removal of PAC minus baseline measurement) in (1) Figure 2 . After adjusting for clinical risk factors, the risk for major events remained higher among those who received in-hospital inotropes in both HF etiology groups (Table 5 ). There was no significant interaction between inotrope use and HF etiology for major events. When LVAD and transplant were censored, patients receiving inotropes were more likely to die, regardless of HF etiology (although risk became non-significant in the nonischemic subgroup). The results did not materially change when ≤3mcg/kg/min dopamine was not considered as inotrope use (Table 5 ).
Patients who received inotropes spent fewer study days alive and out of hospital (out of 180 study days) compared with those who did not, regardless of HF etiology ( Table 5 ).
DISCUSSION
In this post-hoc analysis of the ESCAPE trial, we observed that in-hospital use of inotropes was associated with unfavorable outcomes regardless of SBP at presentation, baseline cardiac index, or HF etiology. There was a trend towards more pronounced risk among patients with higher cardiac index. Similarly, inotrope use was associated with fewer days alive out of the hospital in all subgroups assessed in this study. The results were consistent when low-dose dopamine was not considered as an inotrope and when inotrope use was assessed in relation to SBP and CI values obtained on subsequent days (Day 3 and Day 2, respectively). These findings raise concerns about routine use of inotropes in patients with systolic HF admitted for decompensation without evidence of cardiogenic shock or endorgan hypoperfusion.
Limited early studies, before the era of neurohormonal therapy, did suggest favorable effects on hemodynamics and symptoms with use of positive inotropes in patients with HF and low cardiac output. 13, 14 However, since then, several clinical trials and outcomes studies have demonstrated that the use of inotropes in acute and chronic HF is not beneficial, and in fact, may be associated with increased morbidity and mortality without any gains in cost or length-of-stay. 5, 6, 8, [15] [16] [17] [18] In the Acute Decompensated Heart Failure National Registry (ADHERE), patients receiving milrinone or dobutamine had considerably higher (45% to 115%) adjusted in-hospital mortality compared with those receiving nitrates or nesiritide. Despite this evidence, inotropes are widely used in the management of HF patients hospitalized for worsening symptoms. This may be related to several reasons.
Data from the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) and ADHERE registries show that inotrope use among hospitalized HF patients is particularly prevalent among those with low admission SBP despite absence of shock or end organ hypoperfusion. 16, 19 In ADHERE, the median SBP of patients on milrinone or dobutamine was 117 and 120 mmHg, respectively, and only 8% of these patients had SBP <90 mmHg. 16 The current American College of Cardiology Foundation and American Heart Association Heart Failure management guidelines provide a class I, level of evidence C recommendation for the use of inotropes in HF patients with cardiogenic shock, and a class IIb, level of evidence B recommendation for patients with systolic dysfunction who have low cardiac index and evidence of systemic hypoperfusion and/or congestion. 20 However, low SBP alone is not a recommended indication. The relatively low threshold to administer inotropic agents to patients with low SBP in clinical practice reflects thus a belief that SBP represents a surrogate for low cardiac index or that inotropes will somehow mitigate the high risk for adverse events in these patients. Irrespective of the rationale, the use of inotropes in our study was associated with worse outcomes across the spectrum of SBP. OPTIME-CHF included patients with decompensated HF without the knowledge of central hemodynamics. Thus, one criticism has been that if inotropes were given preferentially to patients in low cardiac output state the benefits of better perfusion might outweigh risks. Our analysis does not provide support for this notion. Among patients who received a PAC and had available cardiac index data, inotrope use was associated with increased risk for adverse events across the spectrum of baseline cardiac index, with a trend towards more pronounced risk with higher cardiac index. Importantly, median cardiac index in these patients was 1.9 L/min/m 2 , reflecting in general a low-output population for which inotropes are believed to be beneficial.
In a post-hoc analysis of the OPTIME-CHF database, Felker et al. demonstrated that the morbidity and mortality in patients treated with milrinone was largely seen in patients with HF due to ischemic etiology. 7 The authors concluded that the use of milrinone might be neutral or beneficial in HF patients with non-ischemic etiology. These findings were not replicated in our analysis; inotrope use was associated with worse outcomes regardless of etiology. Thus, unless prospective studies confirm a differential effect between these two groups of HF patients with depressed EF, our results would caution inotrope use in all HF patients.
It has been theorized that inotropes may provide benefit by extending the window to optimize medications that have proven beneficial in HF, e.g. beta-blockers. Also, implantable cardioverter-defibrillators are thought to be protective against the risk of sudden cardiac death secondary to ventricular arrhythmias, 21, 22 presumably related to increased intracellular calcium levels, 23 in patients receiving inotropes. However, it is important to recognize that inotropes are not only linked to tachyarrhythmias but also to myocyte apoptosis and ischemia. 24, 25 Data also suggest that short-term exposure to inotropic agents could potentially lead to deleterious effects long after the agent is discontinued. 26, 27 Thus, even with implantable cardioverter-defibrillators and beta-blockers, inotropes can theoretically still pose a risk for HF patients.
Despite these data, one must differentiate between the potential role of an inotropic agent in HF and the risk associated with currently available inotropes. Much of HF progression is not related to the original insult that led to development of left ventricular dysfunction, but due to the subsequent adverse neurohormonal activation secondary to the low output state. Thus, theoretically, if there were a 'safe' inotrope instituted earlier in the course of HF, it would have the potential to mitigate the subsequent adverse cardiac remodeling process. Though arguable, this may be one of the reasons for the morbidity benefit seen with digoxin. Along similar lines, clinical trials with a novel inotropic agent, omecamtiv mecarbil, are ongoing, and other agents, e.g. istaroxime, are under early investigation.
Our study has several limitations. First, the decision about institution of inotropic therapy was left to the investigators. The non-randomized, open-label use of inotropes in ESCAPE renders our findings suggestive rather than definitive. Despite our efforts to minimize indication bias by adjusting for potential confounders, it is still possible that our estimates are confounded by unobserved differences between patients who received inotropes and those who did not. We did not perform a propensity score analysis because of the relatively small number of patients in the two treatment groups. Second, not all patients were optimized on HF therapy with beta-blockers and renin-angiotensin-aldosterone system inhibitors and the rate of cardiac defibrillator use was low. Third, this is a post-hoc analysis with a relatively small number of events, especially for the subset of patients with available cardiac index and for mortality-only analyses. Hence these data should be considered hypothesis generating and suggestive of the fact that, until prospective randomized trials are performed, the use of inotropes in hospitalized systolic HF patients should be limited. Finally, it is also imperative to realize that ESCAPE excluded patients with cardiogenic shock, in whom the current HF guidelines recommend inotrope use and therefore our data should not be extrapolated to these patients. Similarly, we did not assess inotropes as a bridge to transplant or LVAD implantation or as a long-term palliative strategy, which are other recognized indications for inotrope use. 20 In summary, there is no substantiated benefit to date with routine use of inotropes in the management of the general population of patients with systolic HF hospitalized for worsening symptoms. Our findings add to the evidence suggesting that inotropes should not be routinely used in these patients in the absence of cardiogenic shock or end-organ hypoperfusion until further, prospective evidence supports the safety of inotropes in this setting. In-hospital inotrope use and risk for death, ventricular assist device implantation, or heart transplantation by 180 days according to baseline cardiac index (N=196). The hazard ratio represents the effect of in-hospital inotrope use compared with no inotrope use as reference. There was a trend towards higher risk for major clinical events with use of inotropes with increasing cardiac index. The interaction term, however, was not statistically significant (P=0.092) in a model adjusting for age, sex, body mass index, left ventricular ejection fraction, admission systolic blood pressure, blood urea nitrogen, sodium, and hemoglobin. Survival free from left ventricular assist device implantation or heart transplantation according to in-hospital inotrope use in patients with ischemic (left) and nonischemic (right) heart failure. Kaplan-Meier curves are adjusted for age, sex, body mass index, left ventricular ejection fraction, admission systolic blood pressure, blood urea nitrogen, sodium, hemoglobin, and pulmonary artery catheter-guided treatment. All ratios refer to effect of in-hospital inotrope use compared with no inotrope use as reference. All models are adjusted for age, sex, body mass index, left ventricular ejection fraction, etiology of heart failure (ischemic vs. nonischemic), blood urea nitrogen, sodium, and hemoglobin. CI: confidence interval; HR: hazard ratio; LVAD: left ventricular assist device. All ratios refer to effect of in-hospital inotrope use compared with no inotrope use as reference. All models are adjusted for age, sex, body mass index, left ventricular ejection fraction, etiology of heart failure (ischemic vs. nonischemic), blood urea nitrogen, sodium, hemoglobin, and pulmonary artery catheter-guided treatment.
CI: confidence interval; HR: hazard ratio; LVAD: left ventricular assist device.
